Obesity
IntroductIon
Obesity defined by BMI ≥ 30 kg/ m 2 has increased in the United States in the last three decades. More than one-third of US adults were obese in 2012 1, 2 and obesity is projected to rise to more than 50% by the year 2030. 3 While the overall prevalence of obesity has increased, significant racial/ ethnic disparities continue to exist; with highest prevalence found among non-Hispanic Black (47.8%) vs nonHispanic White (32.6%) adults. 1, 4 As the prevalence of obesity increases, the numbers of critically ill obese patients will continue to increase making this situation important to examine.
Obesity is associated with derangement of cardiovascular and metabolic function 5 leading to increase in comorbid illnesses 6 that can complicate ICU care. Obesity affects respiratory physiology 7, 8 leading to decreased chest wall and lung compliance making mechanical ventilator management difficult. In addition to metabolism and clearance of medications, physical factors of obesity, such as a poor anatomical land marks, makes intubation and vascular access placement difficult, 9 adding challenges to ICU management.
Despite these challenges of obesity in the ICU and obesity's association with increased all-cause mortality, 10 the effect of obesity on critical illness is less understood. Few prior studies have assessed the effect of BMI on medical ICU outcomes in African American (AA) patients. 11, 12 The results from previous studies and three meta-analyses addressing this topic [13] [14] [15] have mostly been from mixed medical-surgical ICU populations [13] [14] [15] [16] [17] [18] and did not include a subgroup analysis by race or the type of ICU (trauma, surgical vs medical) to which patients were admitted. In studies including only patients admitted to medical ICUs (MICU), some lacked appropriate non-obese comparison, 19, 20 others used a different definition of obesity 21 or included only limited BMI groups. 24 Laboratory values used were those obtained within 24 hours of admission. Comorbidities, number of days on mechanical ventilation, number of organs failed, hospital and ICU length of stay (LOS) were extracted from the medical records. The comorbidities data collected included diabetes mellitus, hypertension, hyperlipidemia, ischemic heart disease, congestive heart failure, atrial fibrillation, cerebrovascular disease, hypertensive cardiovascular disease, chronic kidney disease, chronic liver disease, asthma, chronic obstructive pulmonary disease, obstructive sleep apnea, pulmonary hypertension, human immunodeficiency virus and malignancy. The primary outcome measured, ICU mortality, was confirmed by a review of the hospital records and social security death index. Data on the need for, and duration of, mechanical ventilation, ICU and hospital length of stay, and the type and number of organ failure(s) were extracted from medical records.
Statistical Analysis
Descriptive statistics were computed to assess baseline clinical and demographic factors associated with BMI categories. For categorical variables, we obtained the counts (proportions) and evaluated significant differences using the chi-square and Fisher's exact test. Analysis of variance (ANOVA) with a Benferroni post Hoc analysis was used to assess significance for any differences in means across the BMI categories. Wilcoxon's rank-sum test was applied for comparisons of nonnormal distributed data. We evaluated the relationship between mortality and BMI categories using logistic regression analysis. Univariate analysis was performed to assess potential confounders for the association between BMI category and mortality. Variables that were significantly associated with mortality (primary outcome) and BMI categories (primary independent) were included in a multivariate stepwise logistic regression analysis to examine the association between BMI and mortality. An interaction test and graphical plots were performed to assess the association between MPM II Score and BMI categories with mortality. P-value <.05 was considered statistically significant and CI were calculated at the 95% level. Data analysis was conducted using the Statistical Analysis System (SAS) software 9.3 (SAS Institute, Cary, NC) and Statistical Analysis and Graphics (NCSS 9.0.7, Kaysville, UT).
results
A total of 605 patients were included in the study. Baseline characteristics are shown in 
Methods
Patients admitted to an adult MICU for >24 hours during the calendar year 2012 were included. The study was conducted in accordance with amended Declaration of Helsinki; the institutional review board of Howard University approval was obtained. Howard University Hospital is an urban, level 1 trauma center, which serves inner city patients who are predominantly African Americans. All patients included in the study were self-identified as African Americans. Patients were excluded if ICU admission was a non-medical condition. If a patient had more than one Obesity and Intensive Care Outcomes -Lewis et al mean age of the participants was 58.9 ± 16.0 years and 295 (48.8%) were men. The distribution of the BMI is shown in Table 1 . The overall rate of obesity (BMI ≥30kg/m 2 ) was 35%. Physiologic derangements at ICU admission, as measured by the MPM II score were similar for all BMI categories. Patients in BMI classes I-III obesity were more likely to be female (P<.0001) and to suffer from diabetes (P<.0002) and hypertension (P<.0001) ( Table 2 ). Moreover, patients in BMI class I obesity were more likely to suffer from dyslipidemia (P=.010) and patients in BMI class III were more likely to have obstructive sleep apnea (P<.0001) Differences in secondary outcomes among BMI categories are listed in Table 5 . There was no difference in the need for mechanical ventilation (P=.553), duration of ventilator use (P=.331) or organ failure rate (P=.052) between BMI categories. However, ICU and hospital LOS were significantly longer in patients with class II and III obesity compared with the other categories (ICU LOS 6 ± 6 and 8 ± 9, respectively, P=.035; hospital LOS 15 ± 15 and 15 ± 21, respectively, P=.012) ( Table 3) . The post hoc analysis showed ICU LOS was significantly longer for class III obese patients when compared with 
dIscussIon
Among critically ill African American patients admitted to MICU, obesity was not associated with increased odds of ICU mortality. Moreover, improved survival was observed for class II obese compared with normal weight patients, suggesting obesity may be protective. The need and duration on mechanical ventilation was not significantly different among the BMI groups. However, ICU LOS was 3.04 days longer (95% CI, .71-12.45; P=.015) and hospital LOS was 6.5 days longer (95% CI, .22-5.68; P=.023) for obese compared with normal weight patients.
Our findings provide valuable information that is reported less often. Obesity is associated with increased morbidity and all-cause mortality. 10, 25 In secondary analyses of large ICU cohorts, Black patients were found to have more severe acute physiologic derangements at ICU admission 12, 26 suggesting that Black's physiologic response to critical illness might be different. Intuitively, one would think, these factors would contribute to worse outcomes among critithat obesity was not associated with an increased risk of ICU mortality (relative risk [RR], 1.00; 95% CI, .86-1.16; P=.970) and improved survival was observed for class I and class II obesity patients compared with none obese patients (RR, .86; 95% CI, .81-.91; P<.001). However, ICU length of stay was 1.08 days longer for obese (95% CI, .27-1.88; P=.009) compared with non-obese individuals. Other studies also suggest that the relationship between BMI and patient outcomes is ''U'' shaped [27] [28] [29] [30] with worse outcomes for both underweight (BMI<18.5 kg/m 2 ) and morbidly obese (>40 kg/m 2 ) patients. Similarly, we showed that overweight and obesity class I had no significant lower rates of mortality and obesity class II patients had significant lower rates of mortality compared with normal weight patients. On the other hand, the underweight and class III obesity groups had non-significant increased odds of death compared with patients with a normal weight. Similar to our findings, a second meta-analysis, which evaluated 12 studies, reported that overweight, obesity class I and II patients had lower rates of mortality and ICU LOS was increased for obesity class III patients cally ill obese AA compared with AA patients having a normal weight. However, contrary to our hypothesis, we found obesity was not associated with increased odds of ICU mortality. Our findings from a single center MICU can be compared with the findings of three large meta-analyses of obesity and mortality in critical illness. The first meta-analysis, which included 14 studies with 62,045 total and 15,437 obese patients, 14 reported
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compared with patients with normal weight. 15 A third meta-analysis, which evaluated 22 studies and pooled the analysis, showed no significant difference in ICU mortality between obese and normal individuals. 13 Unlike the previous analyses and our study, there was no difference in ICU LOS and the duration of mechanical ventilation between obese and non-obese individuals in this third meta-analysis. Some of the discrepancies between these studies and ours may be due to differences in the population studied.
Results from other studies on obesity and ICU outcomes have also reported similar findings to ours. In a secondary analysis of data from a multicenter international observational study on nutrition, Martino et al found no differences in mortality rates, but longer ICU LOS and duration of mechanical ventilation in extremely obese patients. 16 Similarly, O'Brien et al 30 found no difference in ICU mortality and duration of mechanical ventilation between obese and non-obese patients. Most recently, Lee and collegues reported obesity did not influence outcomes in critically ill patients requiring invasive mechanical ventilation in MICU. 11 In their subgroup analysis of 381 Black patients, 30-day mortality, ICU and hospital LOS and duration of mechanical ventilation were not different between obese and nonobese. Unlike the study by Lee et al who had two BMI groups ( obese and non-obese), 11 our study used a larger sample of AA patients stratified by wide BMI groups; ICU and hospital length stays were longer for the obese and class III obese compared with those with normal weight patients.
Our findings of longer ICU and hospital stay with class II and III obesity is aligned with previous work in this area. Subgroup analyses of previous studies suggested that very obese patients might have longer ICU LOS and hospital LOS. 18, 19, 31 These findings might simply reflect the difficulties of providing nursing care for the very obese. Challenges with mobilizing obese patients can also lead to an increased risk of skin breakdown and complications. These factors often lead to retention of obese patients in the ICU despite improvements in their level of acuity.
The lower mortality rate observed in patients with obesity has led to the hypothesis that obesity provides a protective effect against mortality during critical illness -the obesity paradox. 15, 32, 33 The obesity paradox was first described in overweight and obese patients undergoing hemodialysis; similar findings have since been described in patients with congestive heart failure, advanced malignancies and AIDS. [34] [35] [36] The mechanisms behind the obesity paradox in the ICU remain unclear. 5, 13, 37 It has been proposed that obese patients have an increased release of anti-inflammatory adipokines, interleukin (IL)-10 and leptin. 13 In critically ill obese patients, elevation in leptin is thought to positively modulate deleterious inflammatory processes favoring survival. 37 On the other hand, leptin has strong pro-inflammatory effects that activate macrophages and induce tumor necrosis factor alpha (TNF-α), IL-6 and IL-12 and monocyte chemotactic protein 1 production. 38 Another hypothesis is that excess adipose tissue is readily available for unitization in critically ill patients resulting in a survival benefit due to increased nutritional reserves to mediate the response to inflammation and metabolic stress. 15 Additionally, high cholesterol and lipid levels common in obese patients might confer benefits during sepsis by binding endotoxins or by providing necessary precursors for adrenal steroid synthesis during acute illness. 37 Others suggest acute calorie restriction due to underfeeding increases insulin sensitivity and might help improve metabolic function acutely. Yet, others suggest more attention is given to the care of obese patients in the ICU and the physicians' adherence to practice guidelines in the care of critically ill, in general, might have also improved their survival.
Obese patients have been noted to have an increased duration of mechanical ventilation when compared with non-obese patients.
14 Our findings showed a non-significant increase in duration of mechanical ventilation for patients with class II and III obesity. This observation is unusual, as obese patients have reduced lung and chest wall compliance resulting in increased risk of atelectasis, aspiration and pneumonia, and would therefore be expected to have longer duration of mechanical ventilation. The process of care that affects outcomes might have contributed to these findings. For example, physicians may be more vigilant because of obesity, perhaps opting to intubate electively more often because of anticipated need for difficult airway; in addition, obese people may be triaged to higher standards of care.
The limitations of our study include the relatively small sample size Obesity and Intensive Care Outcomes -Lewis et al (N=605), the limited generalizability of a single hospital experience to other AA MICU populations. However, the finding of no increased mortality with increasing BMI is consistent between our study and the larger ICU studies. Moreover, BMI is used as a proxy of obesity but BMI measurements lack the ability to differentiate between lean, fat mass and the distribution of fat, which might have a deferential effect on ICU outcomes. In NHANES, however, BMI was found to be highly correlated with percentage body fat as measured by DEXA. 39 US and international definitions of overweight and obesity for adults are also based on BMI. Standard BMI categories are well-established and widely used; most studies that have examined the effects of obesity on ICU outcomes have used BMI. Moreover, this was a cross-sectional study and a cause-and-effect relationship between obesity and ICU outcomes could not be inferred. Despite these limitations, our study is noteworthy as it demonstrates obesity was not associated with increased ICU mortality among African American patients.
conclusIons
Further prospective work is needed to assess the pathophysiologic mechanism of the relationship between obesity and mortality in critically ill adults. Consequently, an attempt can be made to address the multifactorial processes that result in ICU mortality in African American patients with the aim of developing precision medicine capabilities to identify, stratify and treat this at-risk group.
